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[57] ABSTRACT 

This device is an apparatus for endovascular occlusion 
through the formation of thrombi in arteries, veins, 
aneurysms, vascular malformations, and arteriovenous fis- 
tulas. In particular, the device includes multiple vaso- 
occlusive members connected by electrolytically disinte- 
grative links. Each link connects to the vaso-occlusive 
member by electrically insulative and conductive joints on 
opposite ends of the link. The vaso -occlusive members are 
delivered through a delivery catheter having on its distal end 
an electrode for electrical contact with the vaso-occlusive 
member. Upon application of an electrical current through 
electrode to the vaso-occlusive member and its conductive 
joint to electrolytically disintegrative link, the link 
disintegrates, selectively detaching the desired number of 
vaso-occlusive members into the target thrombus formation 
site. 

37 Claims, 6 Drawing Sheets 


520 



09/09/2003, EAST Version: 1.04.0000 


U.S. Patent Aug. 24, 1999 Sheet 1 of 6 5,941,888 



09/09/2003, EAST Version: 1.04.0000 



09/09/2003, EAST Version: 1.04.0000 


U.S. Patent Aug. 24, 1999 Sheet 3 of 6 5,941,888 



09/09/2003, EAST Version: 1.04.0000 


U.S. Patent 


Aug. 24, 1999 


Sheet 4 of 6 


5,941,888 



09/09/2003, EAST Version: 1.04.0000 


U.S. Patent Aug. 24, 1999 Sheet 5 of 6 


5,941,888 



09/09/2003, EAST Version: 1.04.0000 


U.S. Patent Aug. 24, 1999 


Sheet 6 of 6 


5,941,888 



09/09/2003, EAST Version: 1.04.0000 


5,9^ 

1 

VASO-OCCLUSIVE MEMBER ASSEMBLY 
WITH MULTIPLE DETACHING POINTS 

FIELD OF THE INVENTION 

This invention generally relates to the delivery of an 
occlusion device to a desired site in a mammal to facilitate 
the formation of mechanical blockage or thrombi in arteries, 
veins, aneurysms, vascular malformations and arteriovenous 
fistulas. More specifically, the invention involves one or 
more vaso -occlusive members that can be sequentially and 
selectively delivered by electrolytic detachment of a sacri- 
ficial link to a desired thrombus formation site. This inven- 
tion permits a physician effectively to select the length of a 
vaso-occlusive device for delivery to a selected site without 
removing the delivery wire from the delivery catheter. 

BACKGROUND OF THE INVENTION 

Approximately 25,000 intracranial aneurysms rupture 
each year in North America. The primary purpose of treat- 
ment for a ruptured intracranial aneurysm is to prevent 
rebleeding. There are a variety of ways to treat ruptured and 
non-ruptured aneurysms. 

Possibly the most widely known of these procedures is an 
extravascular approach using surgery or microsurgery. This 
treatment is common with intracranial berry aneurysms. The 
method comprises a step of clipping the neck of the 
aneurysm, performing a suture ligation of the neck, or 
wrapping the entire aneurysm. Each of these procedures is 
formed by intrusive invasion into the body and performed 
from the outside of the aneurysm or target site. General 
anesthesia, craniotomy, brain retraction, and placement of a 
clip around the neck of the aneurysm are typically required 
in these surgical procedures. The surgical procedure is often 
delayed while waiting for the patient to stabilize medically. 
For this reason, many patients die from the underlying 
disease or defect prior to the initiation of the procedure. 

Another procedure — the extra-intravascular approach — 
involves surgically exposing or stereo tactically reaching an 
aneurysm with a probe. The wall of the aneurysm is then 
perforated from the outside and various techniques are used 
to occlude the interior in order, to prevent it from rebleeding. 
The techniques used to occlude the aneurysm include 
electrothrombosis, adhesive embolization, hog hair 
embolization, and ferromagnetic thrombosis. These proce- 
dures are discussed in U.S. Pat. No. 5,122,136 to Guglielmi 
et al., the entirety of which is incorporated by reference. 

A still further approach is the least invasive and is 
additionally described in Guglielmi et al. It is the endovas- 
cular approach. In this approach, the interior of the aneu- 
rysm is entered by use of a catheter such as those shown in 
U.S. Pat. No. 4,884,575 and U.S. Pat. No. 4,739,768, both 
to Engelson. These patents describe devices utilizing core 
wires and catheters, respectively, which allow access to the 
aneurysm from remote portions of the body. By the use of 
catheters having very flexible distal regions and core wires 
which are steerable to the region of the aneurysm, embolic 
devices which may be delivered through the catheter are an 
alternative to the extravascular and extra-intravascular 
approaches. 

The endovascular approach typically includes two major 
steps. The first step involves the introduction of the catheter 
to the aneurysm site using catheters such as shown in the 
Engelson patents. The second step often involves filling the 
aneurysm in some fashion or another. For instance, a balloon 
may be introduced into the aneurysm from the distal portion 
of the catheter where it is inflated, detached, and left to 
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occlude the aneurysm. In this way, the parent artery is 
preserved. Balloons are becoming less favorable because of 
the difficulty in introducing the balloon into the aneurysm 
sac, the possibility of an aneurysm rupture due to overin- 
5 flation of the balloon within the aneurysm, and the risk 
associated with the traction produced when detaching the 
balloon. 

A highly desirable embolism-forming device which may 
be introduced into an aneurysm using endovascular place - 

10 ment procedures is found in U.S. Pat. No. 4,994,069, to 
Ritchart et al. The device, typically a platinumAungsteo 
alloy coil having a very small diameter, may be introduced 
into an aneurysm through a catheter such as those described 
in Engelson above. These coils are often made of wire 

15 having a diameter of 2-6 mils. The coil diameter may be 
10-30 mils. These soft, flexible coils may be of any length 
desirable and appropriate for the site to be occluded. For 
instance, the coils may be used to fill a berry aneurysm. 
Within a short period of time after the filling of the aneurysm 

20 with the embolic device, a thrombus forms in the aneurysm 
and is shortly thereafter complemented with a collagenous 
material which significantly lessens the potential for aneu- 
rysm rupture. Coils such as seen in Ritchart et al. may be 
delivered to the vasculature site in a variety of ways 

^ including, e.g., mechanically detaching them from the deliv- 
ery device as is shown in U.S. Pat. No. 5,250,071, to 
Palermo or by electrolytic detachment as is shown in 
Guglielmi et al. (U.S. Pat. No. 5,122,136) as discussed 
above. 

30 Guglielmi et al. teaches an embolism-forming device and 
procedure for using that device. Specifically, Guglielmi et al. 
fills a vascular cavity such as an aneurysm with an embolic 
device such as a platinum coil which has been endovascu- 
larly delivered. The coil is then severed from its insertion 

35 tool by the application of a small electric current. Desirably, 
the insertion device involves a core wire which is attached 
al its distal end to an embolic device by an electrolytic, 
sacrificial joint. Guglielmi et al. suggests that when the 
embolic device is a platinum coil, the coil may have a length 

40 ranging from 1 cm to 50 cm or longer as is necessary. 
Proximal of the embolic coil is an insulated core wire or 
pusher wire, often stainless steel in construction. The core 
wire is used to push the platinum embolic coil, obviously 
with great gentleness, into the vascular site to be occluded. 

45 The Guglielmi et al. patent shows a variety of ways to link 
the embolic coil to the core wire. For instance, the core wire 
is tapered at its distal end and the distal tip of the core wire 
is welded into the proximal end of the embolic coil. 
Additionally, a stainless steel coil is wrapped coaxially about 

50 the distal tapered portion of the core wire to provide column 
strength to the core wire. This coaxial stainless steel wire is 
joined both to the core wire and to the embolic coil. 
Insulation may be used to cover a portion of the strength- 
providing stainless steel coil. This arrangement provides for 

55 two regions which must be electrolytically severed before 
the embolic coil is severed from the core wire. 

A still further variation found in Guglielmi et al. includes 
a thin, threadlike extension between the core wire core and 
the proximal end of the embolic coil. In this way, the core 

60 wire does not extend to the embolic coiL but instead relies 
upon a separately introduced extension. 

A continuation-in-part of the Guglielmi et al. patent 
discussed above, VS. Pat. No. 5,354,295, describes the use 
of mechanically detachable embolic devices as well as those 

65 which are electrolytically detachable. The embolic devices 
may be augmented with attached filaments. U.S. Pat. No. 
5,540,680, a continuation of U.S. Pat. No. 5,354,295, further 
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describes such mechanically and electrolytically detachable catheters, one for delivering one or more vaso-occlusive 

embolic devices. U.S. Pau No. 5,569,245, a continuation- members, the other for deploying an electrode for electro- 

in-part of the U.S. Pat. No. 5,540,680 patent, adds several lytically detaching the desired number of vaso-occlusive 

new aspects including a new method for electrocoagulation. members by disintegrating one of the links. 

A further variation of the Guglielmiet al. device is one in 5 r „ 

which the distal tip of the stainless steel core wire is crimped BRIEF DESCRIPTION OF THE DRAWINGS 

onto the proximal end of the embolic device. A simple FIG. 1 is a cross-sectional view of one variation of the 

tapered stainless steel wire extends from the stainless steel vaso-occlusive member assembly of the present invention, 

pusher wire to the embolic coil. nG 2 u , hc ViS0 ^ 0CC i usive . mem ber assembly in con- 

Taki et al. have devised a variation of the Guglielmi 10 j UDCt i OD a delivery catheter containing an electrode, 

detachable coil usinga copper link between the core wire 3 a crasMectioM , view of the distal eod of a 

and the cod, described in Treatment of a Spontaneous an auernative electrodc arra0 g em ent. 

Carotid Cavernous Fistula Using an Electrodeiachable * . 

Microcoil, American Journal of Neuroradiology, Vol. 14 . FIGS - 4A 4B are cross-sect.onaJ and perspecuve 

(igg2) 15 views, respectively, of the distal end of a catheter containing 

U.S. Pat. Nos. 5,423,829 to Pham et al. and 5,624,449 to another sUtcroalive electrode . 

Pham et al describe an electrolytically detachable vaso- FIG 5 schematically depicts the method of deploying the 

occlusive device containing a discrete sacrificial link vaso-occlusive member assembly of the present invention 

between the core wire and the vaso-occlusive device to mto a vascular aneurysm. 

allow clean and quick detachment from the core wire, FIG. 6 is an alternative variation of the present invention 

reducing the possibility of multiple electrolysis sites The use in which a second catheter containing an electrode is used 

of extensive electrical insulation about the core wire and for detaching the vaso-occlusive member. 

sacrificial link as well as the use of scoring on the insulation ^ ^, IT , , in ^, m „ l , 

to focus electrolysis on a targeted, specific site on the link is ^ DESCRIPTION OF THE INVENTION 

also taught by Pham et al. An artery, vein, aneurysm, vascular malformation or 

In order to tailor the length of the vaso-occlusive member arterial fistula is occluded through endovascular occlusion 

during implantation so to effectively treat the aneurysm, by the endovascular insertion of a vaso-occlusive member 

U.S. Pat. No. 5,522,836 to Palermo discloses a vaso- into the vascular cavity. Because of the unique design of the 

occlusive device such as a coil in which the length of the coil 30 present invention, the appropriate length vaso-occlusive 

can be tailored during the procedure. This is accomplished member or members can effectively be selected by the 

by the use of an electrode which is movable relative to the physician without removal of the delivery wire from the 

vaso-occlusive coil. delivery catheter. 

U.S. Pat. No. 5,312,415 to Palermo teaches another FIG. 1 shows the basic vaso-occlusive assembly 100 of 

device that enables more accurate placement of a vaso- 55 the present invention. The term "proximal" generally refers 

occlusive coil. In this device, a catheter having a constricted to the right side and the term "distal" generally refers to the 

or feathered distal end to retain vaso-occlusive coils on a left side of the figures in this document. Distal vaso- 

core wire, allowing the delivery of a number of coils loaded occlusive member 102 and proximal vaso-occlusive mem- 

on one pusher, thereby eliminating the need to remove the ber 104 are shown as helical coils, although they may be any 

core wire from the catheter and re-insert it between coil 40 other suitable device or form, such as a ribbon, a braided 

deliveries. member, or the like. Vaso-occlusive members 102 and 104 

None of the disclosed devices suggests the use of a should be of a size sufficiently small that they may be 

vascular occlusion member assembly in which multiple advanced through a catheter (not shown) that is appropri- 

vaso-occlusive devices can be selectively detached via mul- atcly sized for accessing the targeted vascular site. For 

liple electrolytically disintegratible links. 45 instance, when accessing a brain aneurysm in a small vessel, 

an appropriately sized catheter is quite small and very 

SUMMARY OF THE INVENTION flexible. The vaso-occlusive member in such a situation 

This invention is a device for forming a vascular occlu- must be small enough to fit through the catheter and out its 
sioo at a selected site. Generally, the device comprises a distal end at the treatment site. Optionally, vaso-occlusive 
vaso-occlusive member having an electrically insulative 50 members 102 and 104 may be elongated, depending upon 
joint located proximally on the vaso-occlusive member, an die form the vaso-occlusive member lakes. For instance, if 
electrolytically disintegratible link located proximally of the vaso-occlusive members 102 and 104 are in the form of coils 
insulative joint, and an electrically conductive region, which as shown in FIG. 1, they may be elongated by containing an 
may be a section of conductive vaso-occlusive material, increased number of total windings from their proximal to 
proximal of the link which connects to an additional vaso- 55 distal ends. As shown in nG. 1, vaso-occlusive assembly 
occlusive member. In conjunction with this assembly is a 100 can consist of multiple vaso-occlusive members 102 and 
delivery catheter having an integral distal electrode coring- 104. Additionally, assembly 100 may consist of any number 
ured for electrical contact with the electrically conductive of vaso-occlusive members, depending on the specific treat- 
region of the vaso-occlusive members. These vaso-occlusive menl desired by the physician. 

members may be placed nose-to-tail. Upon application of 60 Vaso-occlusive members 102 and 104 are desirably made 

electric current to the electrically conductive region, a up of a radiopaque, physiologically compatible material, 

nearby electrolytically disintegratible link disintegrates, Suitable metals and alloys for the wire making up those 

releasing a portion of the assembly. The presence of multiple regions include the Platinum Group metals, especially 

disintegratible links , typically separated from each other by platinum, rhodium, palladium, rhenium, as well as tungsten, 

insulative joints, allows the placement of a selected number 65 gold, silver, tantalum, and alloys of these metals. These 

of vaso-occlusive members into the therapeutic site as the metals have significant radiopacity and in their alloys may 

physician chooses. An alternative variation utilizes two be tailored to accomplish an appropriate blend of flexibility 
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and stiffness. They are also largely biocompatible. Highly form of other shapes; for example, a coil. One advantage of 

preferred is a platinum/tungsten alloy, e.g., 8% tungsten and having link 106 take the form of a coil is that this configu- 

the remainder platinum. ration would help preserve the uniform diameter of vaso- 

Certain polymers are also suitable as vaso -occlusive occlusive members 102 and 104. 

member material either alone or in conjunction with metallic 5 Central to this invention is electrical isolation of vaso- 

markers to provide radiopacity. These materials are chosen occlusive members 102 and 104 by electrically insulative 

so that the procedure of locating the vaso -occlusive member joint 108, which joins the proximal end of vaso-occlusive 

within the vessel may be viewed using radiography. member 102 to link 106. Without wishing to be bound by 

However, il is also contemplated that the vaso-occlusive theory, it is believed that electrical isolation of vaso- 

mcmbcrs may be made of various other biocompatible 10 occlusive members 102 and 104 prevents or lessens current 

polymers or of carbon fibers. The vaso-occlusive device may flow through the vaso-occlusive members and concentrates 

be covered or connected with fibrous materials tied to the the current flow through link 106. Preferably, as shown in 

outside of the coil or braided onto the outer cover of the coil FIG. 1, insulative joint 108 surrounds link 106 and is 

as desired. Such fibrous adjuvants may be found in U.S. Pat. contained within the lumen defined by vaso-occlusive mem- 

Nos. 5354,295 to Guglielmi et al., 5,382,259 to Phelps et 15 bcr 102. 

al., or in 5,226,911 to Chcc et al., the entirety of which are Insulative joint 108 serves two primary functions. The 

incorporated by reference. The particular form of and choice first is to electrically insulate link 106 from vaso-occlusive 

of material used for the vaso-occhisive members will of member 102 so that electrical energy is not transmitted from 

course depend on the desired application. It is preferred that the link to vaso-occlusive member or any part of the 

at least one of the vaso-occlusive members be electrically 20 assembly of the present invention distal to the particular link 

conductive so to make possible electrolytic separation of the 106 selected for electrolytic disintegration. The second is to 

assembly as will be described below. reliably and fixedly join link 106 to vaso-occlusive member 

When one or more of the vaso-occlusive members is a 102. 

coil, its shape and constituent winding will depend upon the Preferably, electrically insulative joint 108 is comprised 

use to which the coil will be placed. For occluding periph- 25 of a biocompatible, electrically insulative material such as 

eral or neural sites, the coils will typically be made of 1 mil polyfluorocarbons (e.g. TEFLON), polyethylene 

to 5 mil diameter wire (platinum or platinum/tungsten alloy) terepthalate, polypropylene, polyurethane, polyimides, 

that may be wound to have an inner diameter of 5 mils to 60 polyvinylchloride, and silicone polymers, 

mils with a minimum pitch — that is to say that the pitch is \ a addition to the polymers listed above, another desirable 

equal to the diameter of the wire used in the coil. The outer material is generically known as Parylene. There are a 

diameter is then typically between 0.007 and 0.700 inch. variety of polymers (,e.g., polyxylylene) based on para- 

The length of the coil will normally be in the range of 0.5 xylylene. These polymers are typically placed onto a sub- 
to 60 cm, preferably 0.5 to 40 cm. As discussed in conjunc- strate by vapor phase polymerization of the monomer, 
tion with FIG. 2 below, any number of vaso-occlusive 35 Parylene N coalings are produced by vaporization of a 
devices may be used in the present invention, subject to di(P-xylylene) dimer, pyrolization, and condensation of the 
considerations of safety, the length of the coils chosen, the vapor to produce a polymer that is maintained at a corn- 
therapy being administered by the attending physician, and paratively lower temperature. In addition to Parylene-N, 
the desire to maintaining the overall optimal stiffness of the Parylene-C is derived from di(monochloro-P-xylylene) and 
vaso-occlusive member assembly. When, for instance, the ^ Parylene-D is derived from di(dichloro-P-xylylene). There 
vaso-occlusive members are coils, anywhere from two to are a variety of known ways to apply Parylene to substrates, 
twenty coils may be used, with a preferable number being Their use in surgical devices has been shown, for instance, 
two to ten, and an even more preferable number being two in U.S. Pat. No. 5,380,320 (to J. R. Morris), in U.S. Pal. No. 
to five. Balancing the tendency for the overall stiffness of the 5,174,295 (to Christian et al.), in U.S. Pal. No. 5,067,491 (to 
joined coil assembly to increase with additional coils versus 45 Taylor et al.) and the like. 

safety and other considerations is critical in determining the " Alternatively, thermoplastic materials such as that dis- 

optimal number of coils or other vaso-occlusive members to closed in U.S. patent application Ser. No. 08/891,936, 

be used in the present invention. entitled CONTROLLED DETACHABLE VASOOCCLU- 

If desired, the coils may be formed in such a way that they SIVE MEMBER USING MECHANICAL JUNCTION 

are essentially linear as they pass through the catheter and 50 AND FRICTION-ENHANCING MEMBER, the entirety of 

yet assume a randomly oriented relaxed condition after Ihcy which is incorporated by reference, are contemplated for use 

are released from the distal end of the catheter. A discussion as adhesives in comprising insulative joint 108 in the present 

of this variation may be found in U.S. Pat. No. 4,994,069 to invention, alone or in combination with the other polymers 

Ritchart et al. herein described. 

Electrolytically disintegratible link 106 is shown between 55 The thermoplastic, polymer or combinaiion of such used 

vaso-occlusive members 102 and 104 in FIG. 1. Link 106 is to comprise insulative joint 108 may be formed in any 

preferably bare and is relatively more susceptible to elec- number of ways. One technique, for example, is dipping or 

trolysis in an ionic solution such as blood or most other coating link 106 in a molten or substantially softened 

bodily fluids than is vaso-occlusive members 102 and 104. polymer material, but other techniques as known in the art, 

Alternatively, link 106 may be tapered or otherwise 60 such as shrink-wrapping, line-of-sight deposition in the form 

modified, or coated with an insulative polymer and scored, of a suspension or latex, or others may be used as well, 

such as described in U.S. Pat. No. 5,624,449 to Pham et al., Another material that may be used for electrically resis- 

tbe entirety of which is incorporated by reference, to limit five insulative joint 108, alone or in combination with one or 

the area of electrolytic disintegration of link 106 to a more more thermoplastic or polymer layer, is a biocompatible and 

discrete region or point For all figures herein, the electro- 65 electrically resistive metallic oxide. Oxides with a high 

lytically disintegratible link may take the form of a straight dielectric constant, such as those of tantalum or titanium or 

member (as shown in FIG. 1 for link 106), or may take the their alloys, are preferred, with the various oxides of tanta- 
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lum as most preferred. Such oxides can be formed in any suitable metal such as platinum or stainless steel hypotub- 

number of ways. For example, they may be in the form of ing. In addition, a supcrelastic material such as nitinol may 

a deposited film, such as that made by plasma deposition of be used if desired; however, care must be taken in this case 

the base metal (e.g., in elemental or alloy form), or they may to keep it free from surface oxidation prior to fixing the joint 

exist in the form of a sleeve or hypotube of the base metal 5 HO to the «>" (such as by fabrication in a substantially 

that is welded, brazed, soldered, mechanically joined, or oxygen-free environment or by plating the joint 110 with a 

otherwise fixed to link 106. This base metal layer can then conducive metal such as, for example, gold, silver, etc.) If 

be subsequently oxidized (by imposition of the appropriate conductive joint 110 comprises a stainless steel hypotube, 

electrical current or other such excitation, such as by weld- thc J oin ! ^ assembled by welding, brazing, soldering, 

ing during assembly of the device) to form the desired 10 ™chanicaUy J™™S b X c ™P lQ S> for ™™PV or 

electrically insulative oxide layer. Alternatively, the oxide otheiwsc connectmg a hypotube having a wall thickness 

usvuMuj v/Aiu r . . , apDroonate to ioin lmk 106 and vaso-occlusive member 104 

may be deposited directly in oxide torm by any number ot en ' d of link 106 _ ^ 

hypotube is then welded, 

techniques that does no require subsequent oxidation of P soldered, or otherwise fixed m vasc^cclusive mem- 

base metal in elemental or alloy form. ^ ^ 

Whether electrically insulativc joint 108 is comprised of H ^ 2 fa ^^011, a series of vaso- 

a monolithic layer of a single polymer or thermoplastic, ocdusive members n dexribtd according l0 FIG. 1 in 

multiple layers of various polymers or thermoplastics, or an co0 eralioQ ^ the dislal end of a cathe ,er 202 having 

elcctncaUy insulativc metallic oxide (alone or in combina- ^ 2W ^ ^ described in us . 

tion with any number of polymers or thermoplastics), its app , icatiorj ^ No . 08/546,516, entitled DELIVERY 

thickness (as measured radially outward from the surface of CATHETER FOR ELECTRO LYTIC ALLY DETACH- 

link 106 towards vaso-occlusive member 102) cu i range ABLE IMPLANT, the entirety of which is incorporated by 

from 0.002 inch to 0.040 inch, with 0.001 inch to 0.018 inch reference 

being preferred and 0.003 inch to 0.0010 inch as most " described in pending U.S. application 

preferred. It is preferred that the total Sickness of uisulative OB04*51fi. catheter 202 comprises an elongated 

joint 108 be no greater man 0 060 inch (or, alternatively, no 25 £ ^ 

greater than the inner diameter of vaso-occlusive member concentrically Arranged tubular membersor 

02) and no less than the , _» to allow insulativc joint P |^ macr ^ of fifst ^ 2m 

108 to perform its intended fiincUons of joining .and I elec- |hrQ which vas(MK . c|usivc 

tricaUy insulating vaso-occlusive member 102 and link 106. ^ 2n ^ ^ 0ther 

The optimal thickness of each layer will depend on the catheter constructions may be used without departing from 

desired thermal, electrical and mechanical properties of the mc scopc of thc mvC ntion. 

insulative joint 108, the types and combinations of materials Cathet£r 2Q2 fa cfcrably cquipped with an annuls distal 

used, dimensional constraints relative to link 106 and vaso- electrode 204, partially embedded between first tube 206 

occlusive member 102, and manufacturing, engineering, an d second tube 208, as shown in FIG. 2. Electrode 204 can 

cost and other factors as well. For instance, the thickness of be ^ of any conductive biocompatible material. For 

insulative joint 108 can range from one or a few hundred cxamplC| electrode 204 can be comprised of conductive 

angstroms (for example if an oxide layer was used) to as mcUls and (heir aU (fof e , e> sleel liUmium> copper, 

thick as the remaining inner diameter of the vaso-occlusive platinuin nitinol? go id, silver or alloys thereof), carbon 

member 102 (for example if a polymer or thermoplastic was (fibers Qj hnjshts)f ele ctricaUy conductive doped polymers 

used), taking into consideration the diameter of link 106 in of Qr combination thereof. In this variation, 

which it is positioned. This latter thickness is especially electrode 204 and tubes 206 and 208 are preferably designed 

desirable from a manufacturing standpoint as the insulative w ^ ^ electrode 2 04 ^d catheter lumen 210 present a 

joint 108 most readily serves its two aforementioned func- continuous, nonobstructed, smooth surface to allow vaso- 

tions of electneal msulation and joining. ^ occlusive member 2 12 to pass smoothly out of the distal end 

Insulative joint 108 may join vaso-occlusive member 102 0 f catheter 202. Such an annular construction maximizes the 

to link 106 by any number of various techniques. For electrode's exposed surface area so to increase current flow 

example, joint 108 may be formed by an interference, or efficiencies by avoiding too large a current density passing 

friction, fit. Alternatively, insulative joint 108 can be formed therethrough. Finally, it is preferred in this variation that 

by Une-of-sight deposition methods while link 106 and 5Q distal surface 214 of electrode 204 is substantia Uy flush with 

vaso-occlusive member 102 are aligned in the desired posi- ^ dista i 216 of catheter 202. However, other 

tion so that as link material is deposited, it "fixes" the link configurations wherein the electrode 204 is spaced inwardly 

106 and vaso-occlusive member 102 into a locked position from ^ dista j SUf f ace 216 of catheter 202 to eliminate or 

relative to one another. minimize interference with other vaso-occlusive members, 

Proximal of link 106, electrically conductive joint 110 5J ^ disclosed in pending U.S. application Ser. No. 08/546, 

joins the distal end of vaso-occlusive member 104 to link 516, is also within the scope of this invention. In the case 

106. Preferably, as shown in FIG. 1, conductive joint 110 where electrode 204 is spaced inwardly, it is preferred that 

surrounds link 106 and is contained within the lumen the maximum offset from the distal surface 216 of catheter 

defined by vaso-occlusive member 104. 202 be the distance between electrolytically disintegrative 

Conductive joint 110 serves two primary functions. The $0 links 224. Likewise, configurations in which electrode 204 

first is to provide an electrical pathway between link 106 is spaced outwardly from the distal surface 216 of catheter 

from vaso-occlusive member 104 so that electrical current is 202 to ensure conductive contact with vaso-occlusive mem- 

readily transmitted between these two members. Thc second ber 212 may also be used. 

is to reliably and fixedly join link 106 to vaso-occhisive Catheter 202 is further provided with a conductor 218. As 

member 104. 65 shown in FIG. 2, conductor 218 is in the form of an annular 

Conductive joint 110 can be made from any extension of electrode 204. Alternatively, conductor 218 can 

biocompatible, electrically conductive material, preferably a be in the form of a wire or ribbon whose distal end is 
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coupled, for example by welding, to electrode 204. Con- this configuration, the electrode consists of one or more 

ductor 218 extends from electrode 204 between tubular radial extensions 402 located near the distal end of catheter 

members 206 and 208 to proximal end portion of catheter 404. Radial extensions 402 extend radially towards the 

202 where it can be electrically connected to a power supply center of the catheter lumen from an electrically connected 

either directly or with a lead as would be apparent to one of 5 embedded conductor 406. Extensions 402 can be arranged 

ordinary skill in the art. symmetrically along the circumference of catheter 404 as 

. . ! ,„ , , . shown in FIGS. 4A and 4B, or they may be arranged 

Vaso-occlusivc members 212 are as described above in KymmetiicMy depending on the design of the invention, 

conjunction with FIG. 1. According y, each is provided on Mthough four extC nsions 402 arc shown in FIGS. 4A and 

its proximal end with an electrically insulative joint 222 4Bf j{ k .^paied that from 1 to 10 extensions can exist in 

joining vaso-occlusrve member 212 to elcctrolytically dis- i° mc distal cnd of camctC r 404. 

intcgratiblc link 224. Likewise, link 224 is affixed to the Extensions 402 can comprise any electrically conductive 

distal end of vaso-occlusivc member 212 is electrically material, as discussed before, such as stainless steel, 

conductive joint 226 as described above. The most proximal platinum, or nitinol, for example. It is important that exten- 

of vaso-occlusive members 212, which in FIG. 2 is depicted s j 0DS 402 be comprised of a material that has a relatively 

as located within the lumen 210 of catheter 212, is connected 15 high degree of flexibility to allow passage of vaso-occlusive 

to a core wire 228 via electrically insulative joint 222. This members (not shown) through the distal end of catheter 404 

core wire 228 is used by the physician to advance the series while being stiff enough to maintain electrical contact with 

of vaso-occlusive members 212 through the catheter lumen the vaso-occlusive members so that electrical energy can be 

and to the desired therapeutic site as is well-known in the art. transmitted to the electrolytically disintegrative link (not 

Although the configuration of insulative joint 222 being 20 5D0Wn )- 
distal to conductive joint 226, as shown in FIG. 2, is Additionally, FIGS. 4A and 4B shows a preferred con- 
preferable, it is also within the scope of this invention to figuration far extensions 402. In this variation, extensions 
switch the respective locations of these elements so that 402 K * re ^P 0 ** f an acu ff fj me f asu « d 

insulative joint 222 lies proximal to conductive joint 226. In " the f . mne f s !? face on * e d,s J al Slde of , exlensi0E1 ^ 

wauicurs juun Hl vAim ... , „ 25 This desigo facui ates passage of vaso-occ usive members 

this latter alternative ; configuration detachment wiU occur ^ ^ dtaal p end B of a1bclcj 404 and imo thc 

by electrolytic dissolution of a link 224 that u positioned fo^^tc, whUc simultaneously hindering motion in 

proximal of electrode 204. ^ oppositc a^icm back into thc lumen of catheter 404. 

An alternative electrode-catheter configuration is shown j t ^ contemplated that extensions 402 can be disposed at an 

in FIG. 3. In this variation, conductor 300 is connected to, 3Q angle a which is acute or even, in some cases, ninety degrees 

or can be an integral part of, electrode 302. Electrode 302 is or slightly obtuse. 

partially covered and conductor 300 is completely covered Extensions 402 can be in the form of ribbons, for 

on thc inner diameter of catheter 304 with an electrically cxamp I e , that are welded, brazed, soldered, glued, or oth- 

insulative covering 306. This covering serves to electrically crwise e i ectr j C ally and fixedly attached to conductor 406. 

isolate conductor 300 and all but a distal section of electrode 3J Extensions 402 may also be an integral part of conductor 

302 from the lumen of catheter 304, as well as to provide a 406 For examplei extensions 402 can be cut from a nitinol 

continuous, nonobstructed, smooth surface to allow vaso- hypotube on three sides and bent to thc desired angle a on 

occlusive members (not shown) to pass smoothly out of the ^ st ill_intact fourth side which joins the hypotube. This 

distal end 308 of catheter 304. Electrically insulative cov- hypotube can then be assembled with catheter 202. 

ering 306 may be comprised of an electrically insulative 4Q Ai lernat i V eiy, extensions 402 can be formed from one or 

polymer or polymers as described above, and may addition- more 

ally or singly comprise an electrically insulative metallic FIG. 5 shows placement of a vaso-occlusive member 502 

oxide such as tantalum oxide or the like. In this of me preseDl mvenUon wi lhiQ a vesse i 504 with the distal 

configuration conductor ^300 can for example be a metallic cnd Qf calhetef $Q6 ^ oear Qeck ^ of aoeu 510 

braid, while electrode 302 can for example^ be a platinum 4J q,^^ catheler inserlion and navigational techniques 

or platinum alloy hypotube. Of course, conductor 300 and mvo i vin m ^ or flowHfil€Cted devices may be used 

electrode 302 can take other forms or configurations^ Elec- to accegs ^ m m 510 . 0 nce the distal end of catheter 

trode 302 may also extend beyond the distal end 308 of 5Q6 fe itioned at the site> often by locating its distaI end 

catheter 304 \ to ensure ^electrical contact with vasoHocclusive mf0Ugh the use flf radiopaque marker malerial and 

members; likewise, electrode 302 may. 5Q fluoroscopv> the & cleared . For instance, if a core 

It is within the scope of this invention for the electrode to ^ has been ^ t0 position the catheter, it is withdrawn 

take on other forms, for example, a tubular braided structure fr om the came ter and then the core wire 512 having any 

such as described in pending U.S. application Ser. No. number of vaso-occlusive members 502 at the distal end is 

08/546,516. A braided configuration has the advantage of advanced through the catheter. The core wire 512 is 

allowing the designer to vary the stiffness of the catheter by 55 adv anced so that the link 522 to be electrolytically severed 

varying the mesh size of the braid along the length of the ^ j usl outs ide the distal end of catheter 506 and is in 

catheter. electrical contact with the electrode 514 through conductive 

Although FIG. 3 shows electrode 302 to be substantially joint 516. To assist the physician in positioning the desired 

flush with the distal surface 308 of catheter 304, electrode link 522 to be electrolytically detached, radiopaque marker 

302 can be spaced inwardly from the distal surface 308 of 60 524 can be used. Because different occlusions, such as 

catheter 304 to eliminate or minimize interference with other aneurysm 510, will require varying amounts of vaso- 

vaso-occlusive members. Likewise, electrode 302 can be occlusive material for proper treatment, it may be necessary 

spaced outwardly from the distal surface 308 of catheter 304 to deploy multiple vaso-occlusive members 522 into aneu- 

to ensure conductive contact with a vaso-occhisive member. rysm 510. With the assistance of radiopaque marker 524, the 

Turning now to FIGS. 4A and 4B, yet another variation of 65 physician can selectively deploy one or more vaso-occlusive 

the electrode design which additionally accommodates member 502 into the aneurysm 510 as required until the 

vaso-occlusive members of different sizes is presented. In aneurysm 510 has been sufficiently filled. 
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This marker 524, which is preferably comprised of a a vaso -occlusive member having a proximal end and a 

platinum bypotube, is embedded in catheter 506 and spaced distal end, 

proximally from the distal end of catheter 506 a distance that an electrically insulative joint located proximally on said 

corresponds to the spacing between link 522 and link 526. vaso-occhisive member, 

Vaso-occlusive members 502 preferably are radiopaque 5 an electrolytically disintegrative link located proximally 

while links 522 and 526 preferably are not. of said electrically insulative joint, and 

When used in combination with electrode 514 (which can an electrically conductive joint located proximally on said 

serve as or can additionally contain a radioopaque marker to electrolytically disintegratible link and distally on an 

indicate the distal end of catheter 504), a physician positions „ additional vasc^occlusivc member, 

wire 512 so that link 526 is centered under radiopaque 10 2. The assembly of claim 1 where at least one of said 

marker 524 as shown in FIG. 5. By doing so, the physician vaso-occlusive members is a coiL 

wiUknowthatthenextmostdisUllink522ispositionedjust , 3 ' ™* J""* 1 ? of claim J .where the electncally insu- 

distal of electrode 514 (through conductive joint 516) and ^S^^ " eleclncaU y bWCOm ^ 

that electrolytic detachment wiU occur at distal link 522. 1 J ^ of ciaim x where mc elcctricallv insu . 

Depending on constramts such as the condition and size lative j oinl comprises ao biocompatible oxide of a biocom- 

of the occlusion, the physician may desire to use vaso- patible metal. 

occlusive members 502 of varying length. Therefore, it is 5 assembly of claim 4 where the biocompatible metal 

contemplated that catheter 504 can contain multiple radio- ^ tantalum. 

paque markers 524, each positioned in from the distal end of 6 The assembly of claim 1 where the electrically insu- 
catheter 504 a distance corresponding to the spacing 20 lative j oin , comprises a t least one polymer, 
between links that separate vaso-occlusive members of 7. The assembly of claim 6 where the polymer is selected 
varying length. This will give the physician maximum from tne group consisting of polyfiuorocarbons, 
flexibility in accurately, reliably, and safely deploying any po lyxylylene, polyethylene, polyethylene terepthalate, 
number of vaso-occlusive members of identical or varying polypropylene, polyurethane, polyimides, and silicone poly- 
lengths, singly or in combination, into the site to be 25 mers 

occluded. g The assembly of claim 6 where the electrically insu- 

A positive electric current of approximately 0.01 to 2 lative joint additionally comprises an electrically insulative 

milliamps at 0.1 to 6 volts is next applied to core wire 512 biocompatible adhesive. 

by power supply 518 to form a thrombus within aneurysm ^ 9. The assembly of claim 6 where the electrically insu- 

510. Typically, the negative pole 520 of power supply is lative joint additionally comprises a biocompatible oxide of 

placed in electrical contact with the skin. a biocompatible metal. 

After the thrombus has been formed and the aneurysm 10. The assembly of claim 9 where the biocompatible 

occluded, link 522 just distal of electrode 514 is electrolyti- metal is tantalum. 

cally disintegrated, detaching the desired number of vaso- 3J 11. The assembly of claim 1 where the electrically con- 

occlusive devices from core wire 512. ductive end of the link comprises a hypotube. 

After link 522 is completely dissolved or eroded by 12. An assembly for use in the formation of a vascular 

electrolytic action, typically within 0.5 to 10 minutes, the occlusion comprising: 

core wire 512 and catheter 506 are removed from vessel 504, a proximal section comprising a core wire having a 

leaving aneurysm 510 occluded. 40 proximal end and a distal end, a first electrically 

Finally, FIG. 6 illustrates an alternative variation of the insulative joint attached to the distal end of said core 

inventive device as used in a mammal vasculature (not wire, and a first vaso-occlusive member attached to 

shown). In this configuration, catheter 602 containing core said first electrically insulative joint, 

wire (not shown) and vaso-occlusive member 606 docs not one or more distal sections, each comprising an elcctri- 

contain an electrode. Asccond microcathcter 608 containing 45 cally conductive joint attached to a distal electrolyli- 

an electrode 610 is used to access an exposed electrolytically cally disintegratible link, an additional electrically 

disintegratible link 612 or vaso-occlusive member 606 to insulative joint located distally on said electrically 

electrolytically disintegrate link 612 and detachment of the disintegratible link, and an additional distal vaso- 

desircd number of vaso-occlusive members 606 into the occlusive member, and 

therapeutic site. 50 a catheter having a proximal end and a distal end and 

Although shown in FIG. 6 as an elongated wire, electrode having an electrode configured for electrical contact 

610 may take any number of forms as long as it effectively with one of said vaso-occlusive members, 

transmits electric current to a vaso-occhisive member 606 or whereby upon application of electrical current to a distal 

link 612. Additionally, although first catheter 602 is shown section, one of said electrolytically disintegratible links 

in FIG. 6 as not having an electrode, this is not required. For 55 disintegrates, releasing a portion of said assembly, 

example, a dual-catheter system in which the first catheter 13. The assembly of claim 12 where at least one of said 

602 contains an electrode that has become inoperative is vaso-occlusive members is a coil. 

within the scope of the invention. 14. The assembly of claim 12 where the electrically 

Many alterations and modifications may be made by those insulative joint comprises an electrically insulative biocom- 

having ordinary skill in the art without departing from the 60 patible adhesive. 

spirit and scope of the invention. The illustrated variations 15. The assembly of claim 12 where the electrically 

have been used only for illustration and clarity and should insulative joint comprises an electrically insulative oxide of 

not be taken as limiting the invention as defined by the a biocompatible metal. 

following claims. 16. The assembly of claim 15 where the biocompatible 

We claim: 65 metal is tantalum. 

1. An assembly for use in the formation of an occlusion 17. The assembly of claim 12 where the electrically 

comprising: insulative joint comprises at least one polymer. 
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18. The assembly of claim 17 where the polymers are 
selected from the group consisiing of polyfluorocarbons, 
polyxylylene, polyethylene, polyethylene tereptbalate, 
polypropylene, polyurethane, polyimides, and silicone poly- 
mers. 5 

19. The assembly of claim 17 where the electrically 
insulative joint comprises an electrically insulative biocom- 
patible adhesive. 

20. The assembly of claim 17 where the electrically 
insulative joint additionally comprises an electrically insu- to 
lative oxide of a biocompatible metal. 

21. The assembly of claim 17 where the biocompatible 
metal is tantalum. 

22. The assembly of claim 12 where the electrically 
conductive insulative joint comprises a hyporube. 15 

23. The assembly of claim 12 where said catheter addi- 
tionally comprises at least two radiopaque markers. 

24. The assembly of claim 23 where the distance between 
at least two of said radiopaque markers substantially equals 


the distance between said electrolytically disintegratible link 20 meta j 


cally disintegratible link, an additional electrically 
insulative joint located distally on said electrically 
disintegratible link, and an additional distal vaso- 
occlusive member, 

a first catheter for delivering said proximal and dislal 
sections to a desired vascular occlusion site, and 

a second catheter having an electrode configured for 
electrical contact with one of said vaso-occlusive 
members, 

whereby upon application of electrical current to said 
assembly, one of said electrolytically disintegratible 
links disintegrates, releasing a portion of said assembly. 

28. The assembly of claim 27 where at least one of said 
vaso-occlusive members is a coil. 

29. The assembly of claim 27 where the electrically 
insulative joint comprises an electrically insulative biocom- 
patible adhesive. 

30. The assembly of claim 27 where the electrically 
insulative joint comprises an oxide of a biocompatible 


25 


and a second electrolytically disintegratible link. 

25. The assembly of claim 12 where an electrically 
conductive extensioo of the electrode extends radially 
towards the center of the catheter and is in electrical contact 
with the vaso-occlusive member. 

26. The assembly of claim 23 where the electrode exten- 
sion is configured to allow passage of the vaso-occlusive 
member through the catheter in a direction from the proxi- 
mal end towards the distal end and to simultaneously binder 
passage of the vaso-occlusive member through the catheter 30 
in the opposite direction while maintaining the electrical 
contact with the vaso-occlusive member. 

27. An assembly for use in the formation of a vascular 
occlusion, comprising: 

a proximal section comprising a core wire having a 
proximal end and a distal end, a first electrically 
insulative joint attached to the distal end of said core 
wire, and a first vaso-occlusive member attached to 
said first electrically insulative joint, 

one or more distal sections, each comprising an electri- 
cally conductive joint attached to a distal electrolyti- 


35 


40 


31. The assembly of claim 30 where the biocompatible 
metal is tantalum. 

32. The assembly of claim 27 where the electrically 
insulative joint comprises at least one polymer. 

33. The assembly of claim 32 where the polymers are 
selected from the group consisting of polyfluorocarbons, 
polyxylylene, polyethylene, polyethylene terepthalate, 
polypropylene, polyurethane, polyimides, and silicone poly- 
mers. 

34. The assembly of claim 32 where the electrically 
insulative joint comprises an electrically insulative biocom- 
patible adhesive. 

35. The assembly of claim 32 where the electrically 
insulative joint additionally comprises an electrically insu- 
lative oxide of a biocompatible metal. 

36. The assembly of claim 32 where the biocompatible 
metal is tantalum. 

37. The assembly of claim 27 where the electrically 
conductive insulative joint comprises a hypotube. 
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